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(57) ABSTRACT 

An equivalent circuit includes: a first transistor having a first 
gate electrode, a first source electrode, and a first drain elec 
trode; a second transistor having a second gate electrode, a 
second drain electrode, and a second source electrode elec 
trically connected to the first drain electrode; and a charging 
and discharging circuit which includes a first capacitor having 
a terminal electrically connected to the second gate electrode 
and another terminal electrically connected to the second 
Source electrode, and charges and discharges the first capaci 
tor with predetermined time constants. 
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FIG. 4 
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FIG. 9 
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EQUIVALENT CIRCUIT OF 
SEMICONDUCTOR DEVICE, SIMULATION 
METHOD FOR SEMICONDUCTOR DEVICE, 

AND SIMULATION DEVICE FOR 
SEMCONDUCTOR DEVICE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This is a continuation application of PCT International 
Application No. PCT/JP2012/005682 filed on Sep. 7, 2012, 
designating the United States of America, which is based on 
and claims priority of Japanese Patent Application No. 2011 
199298 filed on Sep. 13, 2011. The entire disclosures of the 
above-identified applications, including the specifications, 
drawings and claims are incorporated herein by reference in 
their entirety. 

FIELD 

One or more exemplary embodiments disclosed herein 
relate generally to a simulation method for simulating elec 
trical properties of a semiconductor device, and in particular 
to a simulation method for simulating a current collapse phe 
nomenon of a transistor, using an equivalent circuit. 

BACKGROUND 

In recent years, there has been an increasing demand for 
improvement in power conversion efficiency in the power 
electronics industry, in order to reduce the amount of green 
house gas emission to prevent global warming. 

Switching devices such as power metal-oxide-semicon 
ductor field effect transistors (MOSFETs) and insulated gate 
bipolar transistors (IGBTs) which include silicon as material 
have been used for power electronic circuits. 

Research has been conducted on achieving Switching 
devices to be practically utilized which include group III 
nitride semiconductors that cause less loss, instead of Switch 
ing devices which include silicon. 

However, a phenomenon called current collapse easily 
occurs in a Switching device which includes agroup III nitride 
semiconductor as material. 
A current collapse phenomenon is a temporal change in the 

current at the time of Switching. For example, a portion in 
which crystal on the Surface or inside of a semiconductor 
layer has defect and a portion damaged due to a processing 
process serve as traps for collecting electric charge. Electric 
charge is collected by Such traps or electric charge is released 
from the traps, thereby causing a temporal change in a current 
at the time of Switching. The temporal change in a current is 
a current collapse phenomenon. 

CITATION LIST 

Patent Literature 

PTL 1 Japanese Unexamined Patent Application Publi 
cation No. 11-35.4815 

SUMMARY 

Technical Problem 

PTL 1 discloses a simulation method for simulating current 
characteristics of a semiconductor device. However, it is dif 
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2 
ficult to reproduce the influence of a current collapse phe 
nomenon with high precision by using Such a simulation 
method. 

In view of this, one non-limiting and exemplary embodi 
ment provides, for instance, an equivalent circuit of a semi 
conductor device which can reproduce a current collapse 
phenomenon with high precision. 

Solution to Problem 

In one general aspect, the techniques disclosed here feature 
an equivalent circuit of a semiconductor device having a gate, 
a source, and a drain, the equivalent circuit including: a first 
transistor having a first source electrode, a first drain elec 
trode, and a first gate electrode electrically connected to a first 
electrode corresponding to the gate of the semiconductor 
device; a second transistor having a second gate electrode, a 
second drain electrode, and a second source electrode elec 
trically connected to the first drain electrode; a first capacitor 
having a terminal electrically connected to the second gate 
electrode, and another terminal electrically connected to the 
second source electrode; a first resistor and a first Switch 
electrically connected in series, and having a terminal elec 
trically connected to the second gate electrode and another 
terminal electrically connected to the second source elec 
trode; a second resistor and a second capacitor electrically 
connected in series; a second Switch having a terminal elec 
trically connected to the second gate electrode, and another 
terminal electrically connected to a terminal of the second 
resistor and the second capacitor electrically connected in 
series; a third Switch having a terminal electrically connected 
to the second source electrode, and another terminal electri 
cally connected to another terminal of the second resistor and 
the second capacitor electrically connected in series; a first 
inductor having a terminal electrically connected to the first 
Source electrode, and another terminal electrically connected 
to a second electrode corresponding to the Source of the 
semiconductor device; and a second inductor having a termi 
nal electrically connected to the second drain electrode, and 
another terminal electrically connected to a third electrode 
corresponding to the drain of the semiconductor device. 

These general and specific aspects may be implemented 
using a system, a method, an integrated circuit, a computer 
program, or a computer-readable recording medium Such as a 
CD-ROM, or any combination of systems, methods, inte 
grated circuits, computer programs, or computer-readable 
recording media. 

Additional benefits and advantages of the disclosed 
embodiments will be apparent from the Specification and 
Drawings. The benefits and/or advantages may be individu 
ally obtained by the various embodiments and features of the 
Specification and Drawings, which need not all be provided 
in order to obtain one or more of such benefits and/or advan 
tages. 

Advantageous Effects 

According to, for instance, an equivalent circuit of a semi 
conductor device according to one or more exemplary 
embodiments or features disclosed herein, the influence of a 
current collapse phenomenon on current characteristics in a 
semiconductor device can be reproduced with high precision. 

BRIEF DESCRIPTION OF DRAWINGS 

These and other advantages and features will become 
apparent from the following description thereof taken in con 
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junction with the accompanying Drawings, by way of non 
limiting examples of embodiments disclosed herein. 

FIG. 1 is a flowchart of a simulation method disclosed in 
PTL 1. 

FIG. 2 is a cross-sectional view of a semiconductor device 
according to Embodiment 1. 

FIG.3 illustrates an equivalent circuit of the semiconductor 
device according to Embodiment 1. 

FIG. 4 is a flowchart of a simulation method according to 
Embodiment 1. 

FIG. 5 illustrates states of switches during a simulation. 
FIG. 6 illustrates charge paths to a first capacitor. 
FIG. 7 illustrates a discharge path of electric charges stored 

in the first capacitor. 
FIG. 8 illustrates an example of a netlist of the equivalent 

circuit. 
FIG. 9 is a block diagram illustrating a configuration of a 

simulation device according to Embodiment 1. 
FIG. 10 is a first diagram illustrating results of simulations 

performed using the equivalent circuit. 
FIG. 11A is a second diagram illustrating a result of a 

simulation performed using the equivalent circuit. 
FIG. 11B is a second diagram illustrating a result of a 

simulation performed using the equivalent circuit. 
FIG. 11C is a second diagram illustrating a result of a 

simulation performed using the equivalent circuit. 

DESCRIPTION OF EMBODIMENTS 

(Underlying Knowledge Forming Basis of the Present Dis 
closure) 
As described in the Background section, it is difficult to 

reproduce, with high precision, the influence of a current 
collapse phenomenon on current characteristics of a semicon 
ductor device. 
The influence of a current collapse phenomenon depends 

on various characteristics such as the density and the energy 
level of the above-mentioned traps, a frequency and a value of 
a driving Voltage in Switching operation, and an operating 
temperature of a semiconductor device. 

In order to optimally design a power electronic circuit, it is 
indispensable to reproduce the influence of a current collapse 
phenomenon on a current by simulation. 

FIG. 1 is a flowchart of a simulation method disclosed in 
PTL 1. 

With the simulation method disclosed in FIG. 1, a model 
parameter for reproducing current characteristics exhibited 
by a semiconductor device when a current collapse phenom 
enon occurs is obtained for each of predetermined conditions 
(such as frequency, driving Voltage, operating temperature). 

Here, the influence of a current collapse phenomenon on 
current characteristics of a semiconductor device dynami 
cally changes along with the change of the above predeter 
mined conditions even when the same operation runs on the 
same circuit. 

Specifically, it is difficult to flexibly reproduce the influ 
ence of a current collapse phenomenon which changes 
dynamically, by using a method of obtaining parameters in 
consideration of the influence of a current collapse phenom 
enon under predetermined conditions one by one, as with the 
method disclosed in PTL 1. Thus, it is difficult to reproduce 
the influence of a current collapse phenomenon with high 
precision. 

In view of this, an equivalent circuit of a semiconductor 
device according to an aspect of the present disclosure is an 
equivalent circuit of a semiconductor device having a gate, a 
Source, and a drain, the equivalent circuit including: a first 
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4 
transistor having a first source electrode, a first drain elec 
trode, and a first gate electrode electrically connected to a first 
electrode corresponding to the gate of the semiconductor 
device; a second transistor having a second gate electrode, a 
second drain electrode, and a second source electrode elec 
trically connected to the first drain electrode; a first capacitor 
having a terminal electrically connected to the second gate 
electrode, and another terminal electrically connected to the 
second source electrode; a first resistor and a first Switch 
electrically connected in series, and having a terminal elec 
trically connected to the second gate electrode and another 
terminal electrically connected to the second source elec 
trode; a second resistor and a second capacitor electrically 
connected in series; a second Switch having a terminal elec 
trically connected to the second gate electrode, and another 
terminal electrically connected to a terminal of the second 
resistor and the second capacitor electrically connected in 
series; a third Switch having a terminal electrically connected 
to the second source electrode, and another terminal electri 
cally connected to another terminal of the second resistor and 
the second capacitor electrically connected in series; a first 
inductor having a terminal electrically connected to the first 
Source electrode, and another terminal electrically connected 
to a second electrode corresponding to the Source of the 
semiconductor device; and a second inductor having a termi 
nal electrically connected to the second drain electrode, and 
another terminal electrically connected to a third electrode 
corresponding to the drain of the semiconductor device. 

Accordingly, a current collapse phenomenon of the semi 
conductor device can be reproduced with high precision. 

In addition, according to an aspect of the present disclo 
sure, a resistance value of the first resistor and a resistance 
value of the second resistor may each have a predetermined 
temperature characteristic. 

Accordingly, a current collapse phenomenon of the semi 
conductor device can be reproduced with high precision, 
including a temperature change occurring in its Surroundings. 

In addition, according to an aspect of the present disclo 
Sure, the equivalent circuit may further include: a pulse power 
Supply having a positive terminal electrically connected to the 
first electrode, and a negative terminal electrically connected 
to the second electrode; a fourth Switch having a terminal 
electrically connected to the first electrode, and another ter 
minal electrically connected to a terminal of the second 
capacitor, and a fifth Switch having a terminal electrically 
connected to the second electrode, and another terminal elec 
trically connected to another terminal of the second capacitor. 

In addition, according to an aspect of the present disclo 
Sure, the first transistor may be a normally-off transistor, and 
the second transistor may be a normally-on transistor. 
A simulation method for a semiconductor device accord 

ing to an aspect of the present disclosure is a simulation 
method for a semiconductor device performed using the 
equivalent circuit according to one of the above aspects, the 
simulation method including: in a state where the second 
switch and the third switch are off and the second capacitor is 
charged to a first Voltage, applying, across the first electrode 
and the second electrode, a Voltage for bringing the first 
transistor from an ON state into an OFF state, and simulta 
neously, charging the first capacitor and bringing the second 
transistor from the OFF state into the ON state by turning off 
the first switch and turning on the second switch and the third 
switch; in a state where the first switch is off and the first 
capacitor is charged to a second Voltage, applying, across the 
first electrode and the second electrode, a Voltage for bringing 
the first transistor from the OFF state into the ON state, and 
simultaneously, discharging the first capacitor and bringing 
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the second transistor from the ON state into the OFF state by 
turning on the first Switch and turning off the second Switch 
and the third Switch; and obtaining a temporal change in a 
current flowing from the third electrode to the second elec 
trode in each of the states. 

In addition, a simulation device for a semiconductor device 
according to an aspect of the present disclosure may include 
a storage unit configured to store therein the equivalent circuit 
according to one of the above aspects as circuit information, 
and a program for executing the simulation method according 
to the above aspect; an input unit configured to accept input of 
values of voltages to be applied to the first electrode, the 
second electrode, and the third electrode, and a value of a 
Voltage to which the first capacitor is to be charged or a value 
of a Voltage to which the second capacitor is to be charged; 
and an arithmetic unit configured to calculate an electrical 
property of the semiconductor device, using the circuit infor 
mation, the program, and the input. 

In addition, an aspect of the present disclosure may be 
achieved as a recording medium having stored therein an 
equivalent circuit of a semiconductor device as circuit infor 
mation. 

It should be noted that an equivalent circuit of a semicon 
ductor device according to an aspect of the present disclosure 
may be an equivalent circuit of a semiconductor device hav 
ing a gate, a source, and a drain, the equivalent circuit includ 
ing: a first transistor having a first gate electrode correspond 
ing to the gate of the semiconductor device, a first Source 
electrode corresponding to the source of the semiconductor 
device, and a first drain electrode; a second transistor having 
a second gate electrode, a second source electrode electrically 
connected to the first drain electrode, and a second drain 
electrode corresponding to the drain of the semiconductor 
device; and a charging and discharging circuit which includes 
a first capacitor having a terminal electrically connected to the 
second gate electrode and another terminal electrically con 
nected to the second source electrode, and charges and dis 
charges the first capacitor with predetermined time constants. 

It should be noted that in the equivalent circuit according to 
an aspect of the present disclosure, the charging and discharg 
ing circuit may include: a first circuit which determines the 
time constant with which the first capacitor is charged; and a 
second circuit which determines the time constant with which 
the first capacitor is discharged. 

These general and specific aspects may be implemented 
using a system, a method, an integrated circuit, a computer 
program, or a computer-readable recording medium Such as a 
CD-ROM, or any combination of systems, methods, inte 
grated circuits, computer programs, or computer-readable 
recording media. 

Hereinafter, certain exemplary embodiments are described 
in greater detail with reference to the accompanying Draw 
1ngS. 

Embodiment 1 

The following is a description of Embodiment 1 with ref 
erence to the accompanying drawings. In Embodiment 1, a 
description is given of a simulation method for simulating 
electrical properties of a semiconductor device, using an 
equivalent circuit. 

It should be noted that each of the exemplary embodiments 
described below shows a general or specific example. The 
numerical values, shapes, materials, constituent elements, the 
arrangement and connection of the constituent elements, 
steps, the processing order of the steps and the like shown in 
the following exemplary embodiments are mere examples, 
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6 
and therefore do not limit the scope of the appended Claims 
and their equivalents. Therefore, among the constituent ele 
ments in the following exemplary embodiments, constituent 
elements not recited in any of the independent claims defining 
the most generic part of the inventive concept are described as 
arbitrary constituent elements. 
<Configuration of Semiconductor Device> 

First is a description of a semiconductor device for which a 
simulation is performed. 
A semiconductor device according to the present embodi 

ment is a transistor which includes a group III nitride semi 
conductor as material. 

FIG. 2 is a cross-sectional view of a semiconductor device 
according to Embodiment 1. 
A semiconductor device 100 includes a substrate 1, a first 

semiconductor layer 2, a second semiconductor layer 3, a 
control layer 4, a source electrode 5, a drain electrode 6, a gate 
electrode 7, and a protective film 8. 
The Substrate 1 is a semiconductor Substrate, and the mate 

rial of the substrate 1 is silicon (Si), for example. 
The first semiconductor layer 2 is formed above the sub 

strate 1. The material of the first semiconductor layer 2 is a 
group III nitride semiconductor. The material of the first 
semiconductor layer 2 is i-GaN. for example. 
The second semiconductor layer 3 is formed above the first 

semiconductor layer 2. The material of the second semicon 
ductor layer 3 is a group III nitride semiconductor. The mate 
rial of the second semiconductor layer 3 has a greater band 
gap than the material of the first semiconductor layer 2. The 
material of the second semiconductor layer 3 is i-AlGaN, for 
example. 
The control layer 4, the source electrode 5, and the drain 

electrode 6 are formed above the second semiconductor layer 
3 so as to be separate from one another. 
The material of the source electrode 5 and the drain elec 

trode 6 is an alloy of gold and titanium, for example. The 
material of the control layer 4 is a group III nitride semicon 
ductor having p-type conductivity. The material of the control 
layer 4 is p-AlGaN, for example. 
The gate electrode 7 is formed above the control layer 4. 

The material of the gate electrode 7 is an alloy of gold and 
titanium, for example. 
The protective film 8 is formed so as to cover the surfaces 

of the second semiconductor layer 3 and the control layer 4. 
At least part of the surface of each of the source electrode 5. 
the drain electrode 6, and the gate electrode 7 is not covered 
with the protective film 8. 
<Configuration of Equivalent Circuits 

Next is a description of an equivalent circuit of the semi 
conductor device 100. 

FIG. 3 is a circuit diagram of the equivalent circuit of the 
semiconductor device 100. 
An equivalent circuit 200 includes a first transistor 9, a 

second transistor 10, a first capacitor 11, a first resistor 12, a 
second capacitor 13, a second resistor 14, a first inductor 18, 
a second inductor 19, a first switch 15, a second switch 16, a 
third switch 17, a fourth Switch 24, and a fifth switch 25. 
Further, a first electrode 20 is an electrode corresponding to 
the gate electrode 7 of the semiconductor device 100, a sec 
ond electrode 21 is an electrode corresponding to the source 
electrode 5 of the semiconductor device 100, and a third 
electrode 22 is an electrode corresponding to the drain elec 
trode 6 of the semiconductor device 100. 

It should be noted that although not included in the equiva 
lent circuit 200, a pulse power supply 23, a drain load 26, and 
a direct current (DC) power supply 27 are shown for conve 
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nience, since they are necessary for a simulation performed 
using the equivalent circuit 200. 

In the description below, a circuit which includes the 
equivalent circuit 200, the pulse power supply 23, the drain 
load 26, and the DC power supply 27 may be referred to as an 
equivalent circuit used for a simulation of electrical proper 
ties of the semiconductor device 100. 
A feature of the equivalent circuit 200 is that the second 

transistor 10 is added in order to reproduce a current collapse 
phenomenon, in addition to the first transistor 9 exhibiting 
basic properties of the semiconductor device 100. It can be 
said in a sense that the second transistor is a virtual transistor. 

Furthermore, based on the findings made by the inventors 
of the present application, an integration circuit (charging and 
discharging circuit) corresponding to a trap triggering a cur 
rent collapse phenomenon is provided between the second 
gate electrode 101 and the second source electrode 102 of the 
second transistor 10. This enables a simulation of a current 
collapse phenomenon of the semiconductor device 100 with 
even higher precision, by using the equivalent circuit 200, as 
will be described below. The integration circuit means the 
first capacitor 11, the second capacitor 13, the first resistor 12, 
the second resistor 14, the first switch 15, the second switch 
16, and the third switch 17. 

Next is a detailed description of constituent elements of the 
equivalent circuit 200. 
<First Transistors 
The first transistor 9 has a first gate electrode 91, a first 

source electrode 92, and a first drain electrode 93. The first 
drain electrode 93 and a second source electrode 102 of the 
second transistor 10 are electrically connected. 
The first transistor 9 is a normally-off transistor. A nor 

mally-off transistor means a transistor in which the first 
source electrode 92 and the first drain electrode 93 are not 
brought into a conductive state (an OFF state) when a voltage 
applied to the first gate electrode 91 is 0 relative to the voltage 
at the first source electrode 92. 

In addition, a threshold voltage of the first transistor 9 (a 
voltage applied to the first gate electrode 91 relative to the 
voltage at the first source electrode 92 in order to bring the 
first transistor 9 into an ON state) is a positive voltage. 
<Second Transistors 
The second transistor 10 has the second gate electrode 101, 

the second source electrode 102, and a second drain electrode 
103. The second source electrode 102 and the first drain 
electrode 93 are electrically connected. 
The second transistor 10 has characteristics different from 

those of the first transistor 9 in the points below. 
First, the second transistor 10 is a normally-on transistor, 

unlike the first transistor 9. A normally-on transistor means a 
transistor in which the second source electrode 102 and the 
second drain electrode 103 are brought into the conductive 
state (ON state) when a Voltage applied to the second gate 
electrode 101 is 0 relative to the voltage at the second source 
electrode 102. 

Specifically, a threshold Voltage (a Voltage applied to the 
second gate electrode 101 relative to the voltage at the second 
source electrode 102 in order to bring the second transistor 10 
into the ON state) of the second transistor 10 is a negative 
voltage, which differs from that of the first transistor 9. 

Furthermore, in the first transistor 9, a value of capacitance 
between the first gate electrode 91 and the first source elec 
trode 92 is a finite value greater than 0, which depends on the 
potential difference between the first gate electrode 91 and the 
first source electrode 92. A value of capacitance between the 
first gate electrode 91 and the first drain electrode 93 is a finite 
value greater than 0, which depends on the potential differ 
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8 
ence between the first gate electrode 91 and the first drain 
electrode 93. A value of capacitance between the first source 
electrode 92 and the first drain electrode 93 is a finite value 
greater than 0, which depends on the potential difference 
between the first source electrode 92 and the first drain elec 
trode 93. 

In contrast, in the second transistor 10, the value of capaci 
tance between the second gate electrode 101 and the second 
source electrode 102, the value of capacitance between the 
second gate electrode 101 and the second drain electrode 103. 
and the value of capacitance between the second source elec 
trode 102 and the second drain electrode 103 are always 0. 
The transconductance of the second transistor 10 is signifi 

cantly lower than the transconductance of the first transistor 
9. A transconductance is a value obtained by differentiating 
the value of current flowing from a drain electrode to a source 
electrode with respect to the value of a gate voltage. Here, 
“significantly low' means 1/100 or less. 
<First Capacitor and Second capacitors 
The first capacitor 11, the first resistor 12, and the second 

resistor 14 and the second capacitor 13 are connected in 
parallel to one another, between the second gate electrode 101 
and the second source electrode 102 of the second transistor 
10. 

Specifically, a terminal 112 of the first capacitor 11 is 
electrically connected to the second gate electrode 101, and 
another terminal 111 of the first capacitor 11 is electrically 
connected to the second source electrode 102. 
A terminal 131 of the second capacitor 13 is electrically 

connected to the third switch 17, and another terminal 132 of 
the second capacitor 13 is electrically connected to a terminal 
141 of the second resistor 14. 
<First Resistor 12, Second Resistor 14, and Switches 
A terminal 121 of the first resistor 12 is electrically con 

nected to the second source electrode 102, and another ter 
minal 122 of the first resistor 12 is electrically connected to 
the first Switch 15. 
A terminal 141 of the second resistor 14 is electrically 

connected to the other terminal 132 of the second capacitor 
13, and another terminal 142 of the second resistor 14 is 
electrically connected to the second switch 16. 
The first to fifth switches are so-called single-pole single 

throw (one-circuit, one contact) ideal Switches. 
A terminal of the first switch 15 is electrically connected to 

the second gate electrode 101, and the other terminal of the 
first switch 15 is electrically connected to another terminal 
122 of the first resistor 12. 

Thus, the electrical connection between the other terminal 
122 of the first resistor 12 and the second gate electrode 101 
is controlled by changing on (conductive state) and off (non 
conductive state) of the first switch 15. 
One terminal of the second switch 16 is electrically con 

nected to the second gate electrode 101, and the other termi 
nal of the second switch 16 is electrically connected to the 
other terminal 142 of the second resistor 14. 

Thus, the electrical connection between the other terminal 
142 of the second resistor 14 and the second gate electrode 
101 is controlled by changing on and off of the second switch 
16. In addition, the second switch 16 controls electrical con 
nection between the other terminal 132 of the second capaci 
tor 13 and the second gate electrode 101. 
One terminal of the third switch 17 is electrically con 

nected to the second source electrode 102, and the other 
terminal of the third switch 17 is electrically connected to a 
terminal 131 of the second capacitor 13. 
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Thus, electrical connection between the terminal 131 of the 
second capacitor 13 and the second source electrode 102 is 
controlled by changing on and off of the third switch 17. 
One terminal of the fourth switch 24 is electrically con 

nected to the first gate electrode 91, and the other terminal of 
the fourth switch 24 is electrically connected to the terminal 
131 of the second capacitor 13. 

Therefore, the electrical connection between the terminal 
131 of the second capacitor 13 and the first electrode 20 is 
controlled by changing on and off of the fourth switch 24. 
One terminal of the fifth switch 25 is electrically connected 

to the second electrode 21, and the other terminal of the fifth 
switch 25 is electrically connected to the other terminal 132 of 
the second capacitor 13. 

Thus, the electrical connection between the other terminal 
132 of the second capacitor 13 and the second electrode 21 is 
controlled by changing on and off of the fifth switch 25. 
<First Inductor 
The first inductor 18 is an inductor representing what is 

called source parasitic inductance. Specifically, the first 
inductor 18 exhibits characteristics of exerting influence on a 
temporal change in a current flowing from the drain electrode 
to the source electrode observed when a gate Voltage rapidly 
rises and falls in the semiconductor device 100. The first 
inductor 18 represents a sum of inductance of the source 
electrode 5 of the semiconductor device 100, inductance of a 
package which houses the semiconductor device 100, and 
inductance of a wire electrically connecting the Source elec 
trode 5 of the semiconductor device 100 to the package, for 
example. 
A terminal 181 of the first inductor 18 is electrically con 

nected to the first source electrode 92. Another terminal 182 
of the first inductor 18 is electrically connected to the second 
electrode 21. 
<Second Inductors 
The second inductor 19 is an inductor representing what is 

called drain parasitic inductance. Specifically, the second 
inductor 19 exhibits characteristics of exerting influence on a 
temporal change in a current flowing from the drain electrode 
to the source electrode observed when a gate Voltage rapidly 
rises and falls in the semiconductor device 100, as with the 
first inductor 18. The second inductor 19 represents a sum of 
inductance of the drain electrode 6 of the semiconductor 
device 100, inductance of a package which houses the semi 
conductor device 100, and inductance of a wire electrically 
connecting the drain electrode 6 of the semiconductor device 
100 to the package, for example. 
A terminal 191 of the second inductor 19 is electrically 

connected to the second drain electrode 103. Another termi 
nal 192 of the second inductor 19 is electrically connected to 
the third electrode 22. 
<Second Electrode. Third Electrode, DC Power Supply> 
The second electrode 21 is electrically connected to the 

ground. The third electrode 22 is electrically connected to a 
terminal 261 of the drain load 26. Another terminal 262 of the 
drain load 26 is electrically connected to a positive terminal 
271 of the DC power supply 27. A negative terminal 272 of 
the DC power supply 27 is electrically connected to the sec 
ond electrode 21. 
<Pulse Power Supply> 

In order to simulate a temporal change in the electrical 
properties of constituent elements included in the equivalent 
circuit 200, it is necessary to include, between the first elec 
trode 20 and the second electrode 21, the pulse power supply 
23 which applies a pulse Voltage. The following is a descrip 
tion of a connection relation between the pulse power Supply 
23 and the equivalent circuit 200. 
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10 
A positive terminal 231 of the pulse power supply 23 is 

electrically connected to the terminal 131 of the second 
capacitor 13 via the fourth switch 24. A negative terminal 232 
of the pulse power supply 23 is electrically connected to the 
other terminal 132 of the second capacitor 13 via the fifth 
Switch 25. 
With such a connection relation, the pulse power supply 23 

can apply a Voltage across the terminal 131 and the other 
terminal 132 of the second capacitor 13, and charge the sec 
ond capacitor 13. 
The positive terminal 231 of the pulse power supply 23 is 

electrically connected to the first electrode 20. The negative 
terminal 232 of the pulse power supply 23 is electrically 
connected to the second electrode 21. 

Such a connection relation allows the pulse power Supply 
23 to control on and off of the operation of the first transistor 
9 by setting a high level of the pulse power supply 23 to a 
threshold voltage of the first transistor 9 or higher, and a low 
level to a voltage lower than the threshold voltage of the first 
transistor 9. 
<Simulation Method 

Next is a description of a simulation method performed 
using the equivalent circuit 200 illustrated in FIG. 3. 

FIG. 4 is a flowchart of a simulation method according to 
the present embodiment. 

FIG.5 illustrates states of the switches during a simulation. 
In the present embodiment, a description is given of a 

simulation method for simulating a temporal change in a 
current flowing between the drain electrode 6 and the source 
electrode 5 while the semiconductor device 100 is performing 
continuous switching operation. It should be noted that in the 
present embodiment, continuous Switching operation is an 
operation in which a Voltage pulse of a predetermined fre 
quency is applied between the gate electrode 7 and the Source 
electrode 5, and the ON state and the OFF state are periodi 
cally repeated in the semiconductor device 100. 

Specifically, continuous Switching operation is reproduced 
by the pulse power Supply 23 outputting a Voltage pulse of a 
predetermined frequency in the equivalent circuit 200. Here, 
the high level of the pulse power supply 23 corresponds to a 
Voltage greater than or equal to the threshold Voltage of the 
first transistor 9. The low level of the pulse power supply 23 
corresponds to a Voltage lower than the threshold Voltage of 
the first transistor 9. 

First, the second capacitor 13 is charged (S101 in FIG. 4). 
Here, the magnitude of a Voltage applied to the second 

capacitor 13 is the high-level voltage of the pulse power 
supply 23. Thus, the terminal 131 of the second capacitor 13 
is positively charged according to the high-level Voltage, and 
the other terminal 132 of the second capacitor 13 is negatively 
charged. 

Next, the pulse power supply 23 applies the low level 
voltage across the first electrode 20 (the first gate electrode 
91) and the second electrode 21 (the first source electrode 92) 
(S102 in FIG. 4). At the same time when the low level voltage 
is applied across the first electrode 20 and the second elec 
trode 21 (at the time when the output of the pulse power 
supply 23 drops from the high level to the low level), the first 
switch 15 is turned off, the second switch 16 is turned on, the 
third switch 17 is turned on, the fourth Switch 24 is turned off, 
and the fifth switch 25 is turned off, as illustrated in FIG. 5. 

This starts charging the first capacitor 11. Specifically, the 
first capacitor 11 gradually stores the electric charge from the 
second capacitor 13 with a first time constant determined 
based on the resistance value of the second resistor 14 and the 
capacitance value of the first capacitor 11 (first circuit). 
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FIG. 6 illustrates charge paths (thick directional lines) to 
the first capacitor 11. 
As illustrated in FIG. 6, the other terminal 111 of the first 

capacitor 11 is positively charged, and the terminal 112 of the 
first capacitor 11 is negatively charged. Accordingly, the 5 
potential of the second gate electrode 101 gradually becomes 
negative with respect to the second source electrode 102. 
As a result, a current flowing from the second drain elec 

trode 103 to the second source electrode 102 according to the 
first time constant decreases gradually in the second transistor 10 
10. Eventually, the second transistor 10 will be in the OFF 
state, and will not have a current flow between the second 
drain electrode 103 and the second source electrode 102. 
At this time, the low level voltage is applied across the first 

gate electrode 91 and the first source electrode 92, thereby 15 
bringing the first transistor 9 into the OFF state. Here, as 
described above, parasitic capacitance is present between the 
electrodes of the first transistor 9, and electric charge is stored 
in the parasitic capacitance when the first transistor 9 is in the 
ON state. Accordingly, following a decrease in a current 20 
flowing from the second drain electrode 103 to the second 
source electrode 102, a current flowing from the third elec 
trode 22 to the second electrode 21 also decreases. Thus, in a 
current collapse phenomenon, the electric charge is released 
from traps, thereby reproducing a delay which occurs during 25 
Switching-off. 

Next, the high-level voltage is applied across the first elec 
trode 20 and the second electrode 21 by the pulse power 
supply 23 (S103 in FIG. 4). At the same time when the 
high-level voltage is applied across the first electrode 20 and 30 
the second electrode 21 (at the time when the output of the 
pulse power supply 23 rises from the low level to the high 
level), the first switch 15 is turned on, the second switch 16 is 
turned off, the third switch 17 is turned off, the fourth Switch 
24 is turned on, and the fifth switch 25 is turned on, as 35 
illustrated in FIG. 5. 

Then, this starts discharging the first capacitor 11. Specifi 
cally, the electric charge stored in the first capacitor 11 is 
discharged to the ground via the first resistor 12, the first 
transistor 9, and the first inductor 18 with a second time 40 
constant determined based on the capacitance value of the 
first capacitor 11 and the resistance value of the first resistor 
12 (the second circuit). 

FIG. 7 illustrates a discharge path (thick directional line) of 
the electric charge stored in the first capacitor 11. 45 
As illustrated in FIG. 7, the potential difference between 

the second gate electrode 101 and the second source electrode 
102 decreases gradually due to the discharge of electric 
charge stored in the first capacitor 11. 
When the potential of the second gate electrode 101 rela- 50 

tive to the second source electrode 102 is lower than the 
threshold voltage of the second transistor 10, a current starts 
to flow from the second drain electrode 103 to the second 
source electrode 102. Specifically, the current flowing 
between the second drain electrode 103 and the second source 55 
electrode 102 increases gradually according to the second 
time constant. 

At this time, the high-level Voltage is applied across the 
first gate electrode 91 and the first source electrode 92. 
thereby bringing the first transistor 9 into the ON state. 60 
Accordingly, following an increase in a current flowing from 
the second drain electrode 103 to the second source electrode 
102, a current flowing from the third electrode 22 to the 
second electrode 21 also increases. Consequently, electric 
charge is captured by traps in a current collapse phenomenon, 65 
thereby reproducing the delay which occurs during Switch 
1ng-On. 

12 
In step S103, the high-level voltage is applied to the second 

capacitor 13 by the pulse power supply 23. Thus, the terminal 
131 of the second capacitor 13 is positively charged accord 
ing to the high-level voltage, whereas the other terminal 132 
of the second capacitor 13 is negatively charged, as with step 
S101. 

After that, the operation in step S102 and the operation in 
step S103 are repeated alternately. 

It should be noted that although the second capacitor 13 is 
charged in step S101 in FIG. 4, the first capacitor 11 may be 
charged in step S101. In this case, operation is performed in 
the following order: step S101, step S103, and step S102, and 
these steps are repeated alternately after that. 

It should be noted that the second capacitor 13 serves as the 
power Supply for charging the first capacitor 11, and is not an 
indispensable constituent element. Thus, a circuit configura 
tion may be adopted in which the first capacitor 11 is directly 
charged by a power Supply, for example. 
<Method of Determining Circuit Parameters 
A description is now given of a method of determining 

values of capacitors and resistors in the equivalent circuit 200. 
It should be noted that in the description below, the state 
corresponding to that in step S102 in FIG. 4 is a switching 
OFF state, and the state corresponding to that in step S103 in 
FIG. 4 is a switching ON state. 

Parameters (static characteristics and others) of the first 
transistor 9 are determined by measuring the static character 
istic of the semiconductor device 100. 

Parameters of the second transistor 10 are arbitrarily deter 
mined within a range of values which do not to exert an 
influence on the static characteristic of the first transistor 9. 
A capacitance value C1 of the first capacitor 11 is a given 

value (for example, referred to as 1 nE). 
A capacitance value C2 of the second capacitor 13 is set to 

a value greater than the capacitance value C1 of the first 
capacitor 11. For example, the capacitance value C2 of the 
second capacitor 13 is at least 100 times the capacitance value 
C1 of the first capacitor 11. That is because there are cases 
where the Voltage applied across the two terminals of the first 
capacitor 11 does not bring the second transistor into the OFF 
state when the electric charge stored in the second capacitor 
13 is discharged, if the capacitance value C1 of the first 
capacitor 11 and the capacitance value C2 of the second 
capacitor 13 are values close to each other. 

For example, if C1 and C2 are the same values, as shown by 
Expressions (1) and (2) below, half the Voltage applied across 
the two terminals of the second capacitor 13 in step S101 (or 
step S103) in FIG. 4 is applied across the two terminals of the 
first capacitor 11 in step S102 in FIG. 4. 

Math 1 

C=C1x V1=C2x V2 Expression 1 

Math 2 

1=C2, C1x2 Expression 2 

Here, Q denotes half the amount of charge stored in the 
second capacitor 13 in the switching OFF state, C1 denotes 
the capacitance value of the first capacitor 11, V1 denotes a 
voltage across the two terminals of the first capacitor 11 in the 
switching ON state, C2 denotes the capacitance value of the 
second capacitor 13, and V2 denotes a voltage across the two 
terminals of the second capacitor 13 in the switching ON 
State. 

As described above, in the case of C1-C2, V1 is equal to 
V2, and V1 plus V2 is a voltage applied to the second capaci 
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tor 13 in the switching OFF state. Thus, each of V1 and V2 is 
half the voltage applied to the second capacitor 13. 

However, in the case of C1x100-C2, V1 is equal to 100x 
V2, and a Voltage obtained by distributing a Voltage applied to 
the second capacitor 13 in the switching OFF state at the ratio 
of 100 to 1 is applied across the two terminals of the first 
capacitor 11 in the switching ON state. 

Specifically, in the switching ON state, 100/101 of a volt 
age applied to the second capacitor 13 in the switching OFF 
state is applied across the two terminals of the first capacitor 
11. 

In this way, the greater C2 is than C1, the higher Voltage is 
applied to the first capacitor 11. 
The values of resistors are obtained by measuring a time 

constant in each of the Switching ON state and the Switching 
OFF state of the semiconductor device 100. 
A time constant t1 in the switching ON state is shown as 

Expression3 below, based on the capacitance value C1 of the 
first capacitor 11 and a resistance value R1 of the first resistor 
12. 

Math 3 

t1 =R1XC1 Expression 3 

Accordingly, the resistance value R1 of the first resistor 12 
is obtained by dividing the time constant t1 measured in the 
switching OFF state by the capacitance value C1 of the first 
capacitor 11. 

Similarly, a time constant t2 in the switching OFF state is 
shown as Expression 4 below, based on the capacitance value 
C1 of the first capacitor 11 and a resistance value R2 of the 
second resistor 14. 

Math 4 

i2=R2XC1 Expression 4 

Accordingly, the resistance value R2 of the second resistor 
14 is obtained by dividing the time constant t2 measured in 
the switching ON state by the capacitance value C2 of the 
second capacitor 13. 

It should be noted that the time constants t1 and t2 here 
denote a time period for a value at the moment when the state 
of a current flowing from the third electrode 22 to the second 
electrode 21 is switched to reach 1/e (base of a natural loga 
rithm), or specifically, 37%. 
The equivalent circuit 200 having the circuit parameters 

determined as described above allows a simulation of a tem 
poral change in the current flowing between the drain elec 
trode 6 and the source electrode 5 to be performed in consid 
eration of the current collapse phenomenon of the 
semiconductor device 100 during continuous Switching 
operation. 

It should be noted that as described above, a current col 
lapse phenomenon is a temperature dependent phenomenon. 
Accordingly, the resistance value of the first resistor 12 and 
the resistance value of the second resistor 14 are made tem 
perature dependent, thereby enabling a simulation of a cur 
rent collapse phenomenon, including temperature depen 
dence. 

There are two types of expressions indicating temperature 
dependence of a resistor. One is an expression using a linear 
function as shown in Expression 5. The other is an expression 
using an exponential function, as shown in Expression 6. 

Math 5 

R(T)=Rx(1+TC1x(T-Tinom)+TC2(T-Tinom)) Expression 5 
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14 
Math 6 

R(T)=Rx 1.01x(TCEx(T-Tinom)) Expression 6 

Here, TC1 denotes a primary linear coefficient, TC2 is a 
secondary linear coefficient, and TCE is a factor of an expo 
nential function. Tnom denotes a temperature used as a ref 
erence, and R denotes a resistance value when the tempera 
ture is Tnom. Which of these two expressions is to be selected 
is determined by comparing a measured value with a simula 
tion result of the temperature dependence of a current flowing 
from the second drain electrode 103 to the second source 
electrode 102 in each of the switching ON state and the 
switching OFF state. 
<Simulation Device> 

It should be noted that the equivalent circuit 200 may be 
achieved as hardware by providing constituent elements of 
the equivalent circuit 200 on a substrate, or may be achieved 
as circuit information. 
The following is a description of a simulation device which 

executes the simulation method shown in the flowchart of 
FIG.4, using the equivalent circuit 200 as circuit information. 

First is a description of the equivalent circuit 200 achieved 
as circuit information. 
The circuit information here is data indicating a connection 

relation, circuit constants, and others of the constituent ele 
ments of the equivalent circuit 200. 

FIG. 8 illustrates a netlist which is an example of circuit 
information. 
The netlist shown in FIG. 8 represents an electric network 

used in the simulation program with integrated circuit empha 
sis (SPICE) which is general circuit simulation software. 
Thus, with such a netlist, electrical properties of the semicon 
ductor device 100 can be calculated using SPICE. 

It should be noted that circuit information is not limited to 
a netlist, and may be information obtained by recording the 
connection relation and circuit constants of the circuit ele 
ments of the equivalent circuit 200, as described above. 

Next is a description of the configuration of a simulation 
device. 

FIG. 9 illustrates a configuration of a simulation device 
according to the present embodiment. 
As illustrated in FIG. 9, a simulation device 300 includes 

an input unit 28, a control unit 29, an arithmetic unit 30, a 
storage unit 31, and an output unit 32. 
The input unit 28 accepts input of information on a simu 

lation. Information on a simulation is a circuit parameter, a 
simulation time, and the like, for example. 

Circuit parameters indicate characteristics and constants of 
circuit elements of the equivalent circuit 200. Circuit param 
eters are, for example, a threshold Voltage, transconductance, 
capacitance values between electrodes, and others which 
determine characteristics of a transistor. In addition, circuit 
parameters include capacitance values of capacitors, resis 
tance values of resistors, and inductances of inductors. Circuit 
parameters also include, for instance, values of Voltages 
applied to the first electrode 20, the second electrode 21, and 
the third electrode 22. 

In the above description, the second capacitor 13 is charged 
in step S101 in FIG.4, and circuit parameters also include the 
amount of charge stored in the second capacitor 13. Specifi 
cally, with the simulation device 300, a user can input a 
specific figure indicating the amount of charge stored in the 
second capacitor 13 (a value of a Voltage applied to the second 
capacitor 13) to the input unit 28. The same also applies to the 
amount of charge stored in the first capacitor 11. 
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Circuit parameters may be included in the circuit informa 
tion as the above-mentioned netlist. In this case, the user does 
not need to input the circuit parameters included in the circuit 
information. 
A simulation time is a time period for which a simulation 

result is to be obtained. For example, 100 ms is a simulation 
time if the result until 100 ms elapses after circuit operation 
starts is to be obtained. 
The input unit 28 includes, for example, a keyboard which 

accepts user input, a scanner which reads text indicating the 
circuit parameters and the simulation time mentioned above, 
and the like. 

Based on information on a simulation inputted to the input 
unit 28, and the circuit information of the equivalent circuit 
200 and a program stored in the storage unit 31, the control 
unit 29 gives instructions to the arithmetic unit 30 described 
below to calculate (compute) a current flowing through each 
component of the equivalent circuit 200 and a Voltage at each 
terminal. Specifically, the control unit 29 gives instructions to 
the arithmetic unit 30 to calculate a current flowing through 
each component of the equivalent circuit 200 and a Voltage at 
each terminal of the components (arithmetic values at each 
time step) at each of time steps from when a simulation starts 
until when the simulation ends. 

In addition, the control unit 29 obtains, from the storage 
unit 31 described below, computed values at each time step 
stored in the storage unit 31, and transfers the values to the 
arithmetic unit 30. 

In addition, the control unit 29 stores the computed values 
at each time step obtained by the arithmetic unit 30 into the 
storage unit 31. 
The control unit 29 includes a central processing unit 

(CPU), for example. 
The arithmetic unit 30 calculates (computes) a current 

flowing between terminals of the components of the equiva 
lent circuit 200 and a voltage at each terminal thereof at each 
time step, from the circuit information and circuit parameters 
of the equivalent circuit 200. The arithmetic unit 30 includes 
an arithmetic logic unit (ALU), for example. 
The storage unit 31 stores therein the equivalent circuit 200 

as circuit information, and also a program for executing the 
simulation method illustrated in FIG. 4. The storage unit 31 
stores the arithmetic values at each time step. The storage unit 
31 includes primary memory Such as semiconductor memory, 
secondary memory such as a hard disk, or the like. 
The output unit 32 outputs the computed values at each of 

the time steps from when a simulation starts until when the 
simulation ends. The output unit 32 includes a display unit 
Such as a monitor, a printer, and the like, for example. 

It should be noted that the simulation device 300 may be 
formed dedicated to simulation by the semiconductor device 
100, or may be achieved as a function of a workstation or a 
personal computer, for example. 
<Simulation Result 

FIG. 10 illustrates simulation results obtained using the 
equivalent circuit 200. 
The vertical axis in FIG. 10 represents the on resistance 

(Ron, unit: S2mm) of a semiconductor device, and the hori 
Zontal axis represents time periods (unit: second) which 
elapses after the high-level Voltage (voltage higher than or 
equal to the threshold Voltage) is applied to the gate electrode 
7 of the semiconductor device (the first electrode 20 in the 
case of the equivalent circuit 200). 

Specifically, FIG. 10 illustrates a comparison between a 
temporal change in the on resistance when a simulation is 
performed using the equivalent circuit 200 (solid line) and a 
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16 
temporal change in the on resistance measured using the 
semiconductor device 100 (black dots). 
As illustrated in FIG. 10, the simulation results obtained 

using the equivalent circuit 200 have little difference from the 
values measured using the semiconductor device 100. In 
other words, the use of the equivalent circuit 200 allows a 
simulation of the current collapse phenomenon of the semi 
conductor device 100 with high precision. 

FIGS. 11A to 11C are other diagrams illustrating simula 
tion results obtained using the equivalent circuit 200. 

FIGS. 11A to 11C each illustrate an output voltage (thin 
line) of the pulse power supply 23 applied to the first electrode 
20 of the first transistor 9, and a temporal change in a current 
flowing from the third electrode 22 to the second electrode 21 
(thick line). It should be noted that FIGS. 11A to 11C each 
illustrate the case where a frequency of the output Voltage of 
the pulse power Supply 23 is changed in the equivalent circuit 
having the same circuit parameters. 
As illustrated in FIGS. 11A to 11C, in the equivalent circuit 

200, the higher a frequency of the output voltage of the pulse 
power supply 23 is, the lower the peak of a current flowing 
from the third electrode 22 to the second electrode 21 is. This 
is a waveform typically observed in a current collapse phe 
nomenon, and means that it is possible to perform simulations 
corresponding to input voltages of different frequencies by 
using one equivalent circuit 200. 
As described above, the use of the equivalent circuit 200 

according to the present embodiment allows the influence of 
a current collapse phenomenon in the Switching operation of 
a power electronic circuit to be reproduced with high preci 
Sion. 

It is possible to reduce the number of times trial power 
electronics products are fabricated, by predicting the results 
of electrical properties due to a current collapse phenomenon. 
As a result, it is possible to significantly decrease a time and 
cost for developing power electronics products. 

Each of the constituent elements in the above-described 
embodiment may be configured in the form of an exclusive 
hardware product, or may be realized by executing a Software 
program suitable for the constituent element. Each of the 
constituent elements may be realized by means of a program 
executing unit, Such as a CPU and a processor, reading and 
executing the Software program recorded on a recording 
medium Such as a hard disk or a semiconductor memory. 
Here, the Software program for realizing the simulation 
device according to the embodiment above is a program 
described below. 

Specifically, this program causes a computer to execute a 
simulation method for a semiconductor device performed 
using the equivalent circuit described in the above embodi 
ment, the simulation method including: in a state where the 
second switch and the third switch are off and the second 
capacitoris charged to a first Voltage, applying, across the first 
electrode and the second electrode, a Voltage for bringing the 
first transistor from an ON state into an OFF state, and simul 
taneously, charging the first capacitor and bringing the second 
transistor from the OFF state into the ON state by turning off 
the first switch and turning on the second switch and the third 
switch; in a state where the first switch is off and the first 
capacitor is charged to a second Voltage, applying, across the 
first electrode and the second electrode, a Voltage for bringing 
the first transistor from the OFF state into the ON state, and 
simultaneously, discharging the first capacitor and bringing 
the second transistor from the ON state into the OFF state by 
turning on the first Switch and turning off the second Switch 
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and the third Switch; and obtaining a temporal change in a 
current flowing from the third electrode to the second elec 
trode in each of the states. 
Variation 

Although a description is given based on the exemplary 
embodiment above, it is needless to say that the techniques 
disclosed herein are not limited to the above embodiment. 

For example, although a normally-on transistor is used for 
the second transistor 10 in the present embodiment, it is also 
possible to use a normally-off transistor. In this case, a circuit 
configuration may be adopted in which the first transistor 9 is 
brought from the ON state into the OFF state, and simulta 
neously discharging the electric charge stored in the first 
capacitor 11 is started, whereas the first transistor 9 is brought 
from the OFF state into the ON state, and simultaneously 
charging the first capacitor 11 is started. 
The cases as below are also included in the scope of the 

appended Claims and their equivalents. 
(1) Specifically, each device described above may be 

achieved by a computer system which includes a micropro 
cessor, a ROM, a RAM, a hard disk unit, a display unit, a 
keyboard, a mouse, and the like. A computer program is 
stored in the RAM or the hard disk unit. The operation of the 
microprocessor in accordance with the computer program 
allows each device to achieve its functionality. Here, the 
computer program includes a combination of instruction 
codes indicating instructions to a computer in order to achieve 
given functionality. 

(2) Some or all of constituent elements included in each 
device described above may include a single system large 
scale integration (LSI: large scale integrated circuit). The 
system LSI is a super multi-function LSI manufactured by 
integrating multiple components in one chip, and is specifi 
cally a computer system configured so as to include a micro 
processor, a ROM, a RAM, and so on. A computer program is 
stored in the RAM. The system LSI accomplishes its func 
tions through the load of the computer program from the 
ROM to the RAM by the microprocessor and the operation of 
the microprocessor in accordance with the computer pro 
gram. 

(3) Some or all of constituent elements included in each 
device described above may include an IC card or a single 
module which can be attached to or detached from the device. 
The IC card or the module is a computer system which 
includes a microprocessor, a ROM, a RAM, and the like. The 
above super-multifunctional LSI may be included in the IC 
card or the module. The IC card or the module accomplishes 
its functions through the operation of the microprocessor in 
accordance with the computer program. This IC card or mod 
ule may have tamper resistant properties. 

(4) The techniques disclosed herein may beachieved by the 
methods described above. In addition, these methods may be 
achieved by a computer program implemented by a computer, 
or may be implemented by a digital signal which includes a 
computer program. 
The techniques disclosed herein may be achieved by a 

computer program or a digital signal stored in a computer 
readable recording medium such as, for example, a flexible 
disk, a hard disk, CD-ROM, MO, DVD, DVD-ROM, DVD 
RAM, a blue-ray disc (BD), or a semiconductor memory. 
Alternatively, the techniques disclosed herein may be 
achieved by a digital signal stored in Such a recording 
medium. 

With the techniques disclosed herein, the computer pro 
gram or the digital signal may be transmitted via, for instance, 
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18 
data broadcasting or a network typified by electric telecom 
munication lines, wireless or wired communication lines, and 
the Internet. 
The present disclosure may be a computer system which 

includes a microprocessor and a memory, the memory may 
have stored therein a computer program, and the micropro 
cessor may operate in accordance with the computer pro 
gram. 

Another independent computer system may implement a 
program or a digital signal which has been stored in a record 
ing medium and transported thereto or a program or a digital 
signal transported via a network or the like. 

(5) The above embodiments and the above variation may 
be combined. 

Although the above is a description of an equivalent circuit 
of a semiconductor device according to one or more aspects 
based on the embodiments, the technique disclosed herein is 
not limited to the above embodiments. Various modifications 
to the embodiments that may be conceived by those skilled in 
the art and combinations of constituent elements in different 
embodiments may be included within the scope of the one or 
more aspects, without departing from the spirit of the present 
disclosure. 
The herein disclosed subject matter is to be considered 

descriptive and illustrative only, and the appended Claims are 
of a scope intended to cover and encompass not only the 
particular embodiments disclosed, but also equivalent struc 
tures, methods, and/or uses. 

INDUSTRIAL APPLICABILITY 

According to the techniques disclosed herein, it is possible 
to simulate a temporal change in a current flowing in a Switch 
ing device in consideration of a current collapse phenomenon 
with high precision, and the equivalent circuit of the semi 
conductor device, the simulation method for the semiconduc 
tor device, and the simulation device for the semiconductor 
device according to one or more exemplary embodiments 
disclosed herein are useful to the design of power electronic 
circuits in which the Switching device is used. 

The invention claimed is: 
1. An equivalent circuit of a semiconductor device having 

a gate, a source, and a drain, the equivalent circuit compris 
ing: 

a first transistor having a first source electrode, a first drain 
electrode, and a first gate electrode electrically con 
nected to a first electrode corresponding to the gate of the 
semiconductor device; 

a second transistor having a second gate electrode, a sec 
ond drain electrode, and a second source electrode elec 
trically connected to the first drain electrode: 

a first capacitor having a terminal electrically connected to 
the second gate electrode, and another terminal electri 
cally connected to the second source electrode; 

a first resistor and a first switch electrically connected in 
series, and having a terminal electrically connected to 
the second gate electrode and another terminal electri 
cally connected to the second source electrode; 

a second resistor and a second capacitor electrically con 
nected in series; 

a second Switch having a terminal electrically connected to 
the second gate electrode, and another terminal electri 
cally connected to a terminal of the second resistor and 
the second capacitor electrically connected in series; 

a third Switch having a terminal electrically connected to 
the second source electrode, and another terminal elec 
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trically connected to another terminal of the second 
resistor and the second capacitor electrically connected 
in series; 

a first inductor having a terminal electrically connected to 
the first source electrode, and another terminal electri 
cally connected to a second electrode corresponding to 
the source of the semiconductor device; and 

a second inductor having a terminal electrically connected 
to the second drain electrode, and another terminal elec 
trically connected to a third electrode corresponding to 
the drain of the semiconductor device. 

2. The equivalent circuit according to claim 1, wherein a 
resistance value of the first resistor and a resistance value of 
the second resistor each have a predetermined temperature 
characteristic. 

3. The equivalent circuit according to claim 1, further com 
prising: 

a pulse power supply having a positive terminal electrically 
connected to the first electrode, and a negative terminal 
electrically connected to the second electrode: 

a fourth switch having a terminal electrically connected to 
the first electrode, and another terminal electrically con 
nected to a terminal of the second capacitor; and 

a fifth switch having a terminal electrically connected to 
the second electrode, and another terminal electrically 
connected to another terminal of the second capacitor. 

4. The equivalent circuit according to claim 1, 
wherein the first transistor is a normally-off transistor, and 
the second transistor is a normally-on transistor. 
5. A simulation method for a semiconductor device per 

formed using the equivalent circuit according to claim 1, the 
simulation method comprising: 

in a state where the second switch and the third switch are 
off and the second capacitor is charged to a first voltage, 
applying, across the first electrode and the second elec 
trode, a Voltage for bringing the first transistor from an 
ON state into an OFF state, and simultaneously, charg 
ing the first capacitor and bringing the second transistor 
from the OFF state into the ON state by turning off the 
first Switch and turning on the second switch and the 
third switch; 

in a state where the first switch is off and the first capacitor 
is charged to a second Voltage, applying, across the first 
electrode and the second electrode, a voltage for bring 
ing the first transistor from the OFF state into the ON 
State, and simultaneously, discharging the first capacitor 
and bringing the second transistor from the ON state into 
the OFF state by turning on the first switch and turning 
off the second switch and the third switch; and 

obtaining a temporal change in a current flowing from the 
third electrode to the second electrode in each of the 
States. 

6. A simulation device for a semiconductor device, the 
simulation device comprising: 

a storage unit configured to store therein the equivalent 
circuit according to claim 1 as circuit information, and a 
program for executing a simulation method for the semi 
conductor device; 

an input unit configured to accept input of values of volt 
ages to be applied to the first electrode, the second elec 
trode, and the third electrode, and a value of a voltage to 
which the first capacitor is to be charged or a value of a 
Voltage to which the second capacitor is to be charged; 
and 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

20 
an arithmetic unit configured to calculate an electrical 

property of the semiconductor device, using the circuit 
information, the program, and the input, 

wherein the simulation method for the semiconductor 
device includes: 

in a state where the second switch and the third switch are 
off and the second capacitor is charged to a first voltage, 
applying, across the first electrode and the second elec 
trode, a Voltage for bringing the first transistor from an 
ON state into an OFF state, and simultaneously, charg 
ing the first capacitor and bringing the second transistor 
from the OFF state into the ON state by turning off the 
first switch and turning on the second switch and the 
third switch; 

in a state where the first switch is off and the first capacitor 
is charged to a second Voltage, applying, across the first 
electrode and the second electrode, a voltage for bring 
ing the first transistor from the OFF state into the ON 
state, and simultaneously, discharging the first capacitor 
and bringing the second transistor from the ON state into 
the OFF state by turning on the first switch and turning 
off the second switch and the third switch; and 

obtaining a temporal change in a current flowing from the 
third electrode to the second electrode in each of the 
States. 

7. A non-transitory recording medium having stored 
therein the equivalent circuit according to claim 1 as circuit 
information. 

8. An equivalent circuit of a semiconductor device having 
a gate, a source, and a drain, the equivalent circuit simulating 
electrical properties of the semiconductor device, the equiva 
lent circuit comprising: 

a first transistor having a first gate electrode for simulating 
and corresponding to the gate of the semiconductor 
device, a first source electrode for simulating and corre 
sponding to the source of the semiconductor device, and 
a first drain electrode: 

a second transistor having a second gate electrode, a sec 
ond source electrode electrically connected to the first 
drain electrode, and a second drain electrode for simu 
lating and corresponding to the drain of the semiconduc 
tor device; and 

a charging and discharging circuit which includes a first 
capacitor having a terminal electrically connected to the 
second gate electrode and another terminal electrically 
connected to the second source electrode, and charges 
and discharges the first capacitor with predetermined 
time constants. 

9. The equivalent circuit according to claim 8, wherein the 
charging and discharging circuit includes: 

a first circuit which determines the time constant with 
which the first capacitor is charged; and 

a second circuit which determines the time constant with 
which the first capacitor is discharged. 

10. The equivalent circuit according to claim8, wherein the 
charging and discharging circuit includes a resistor which 
determines the time constant with which the first capacitor is 
charged or discharged. 

11. The equivalent circuit according to claim 8, wherein the 
first gate electrode of the first transistor is not directly con 
nected to the second gate electrode of the second transistor. 


